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^ ^ O j use in a lithographic process for semiconductor device production, 
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^ > M ✓^ s s ~S derived from cyanuric acid, a derivative thereof, or both. The structural 

^ II / . x units are preferably represented by the following formula (1): (1) and 

f*^ I I \ * / can be contained in the main chain or side chains of the resin or in both. 
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(57) Abstract: 

This invention pertains to a composition for forming an antireflection film for use in a 
lithographic process for production of semiconductor devices, containing a resin containing structural 
units derived from cyanuric acid, a derivative thereof, or both as a component. Said structural units are 
preferably represented by the following Formula (1): 



and can be contained in the main chain, side chains, or both the main chain and side chains of the resin. 
The antireflection film for lithography obtained from this composition for forming an antireflection film 
has a high antireflection effect, does not cause intermixing with the resist layer, gives an excellent resist 
pattern, and has greater selectivity in dry etching than the resist. 
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SPECIFICATIONS 
Composition for Forming Antireflection Film for Lithography 

Technical Field 

This invention pertains to a composition for forming an effective antireflection film for 
reducing ill effects due to reflection from the underlayer substrate during a lithographic process 
using an ArF excimer laser, and a resist pattern formation method using said composition for 
forming an antireflection film. 

Prior Art 

During production of semiconductor devices in prior art, fine working is performed by 
lithography using a photoresist composition. The above-mentioned fine working is a working 
method for forming a thin film of a photoresist composition on top of a silicon wafer, irradiating 
an active light beam such as ultraviolet radiation through a mask pattern on top of this on which 
a semiconductor device pattern has been drawn, developing, and forming minute irregularities 
corresponding to the above-mentioned pattern on the surface of the device by processing the 
silicon wafer using the resist pattern obtained as a protective film. In recent years, however, 
semiconductor devices are becoming increasing highly integrated, and there is a tendency to 
shorten the wavelength of the active light beam used from KrF excimer lasers (248 nm) to ArF 
excimer lasers (193 nm). With this, scattered reflection of the active light beam from the 
substrate and the effects of standing waves have become major problems. Therefore, to solve this 
problem, the method of installing a bottom antireflective coating (BARC) between the 
photoresist and the substrate is being widely studied. 

Generally, inorganic antireflection films such as titanium, titanium dioxide, titanium 
nitride, chromium oxide, carbon, or -silicon, and organic antireflection films comprised of a 
light-absorbing substance and a polymer compound are known as such antireflective coatings. 
Where the former requires installing equipment such as a vacuum deposition apparatus, a CVD 
apparatus, or a sputtering apparatus to form film, the latter does not require special equipment, 
and has been much studied for this advantage. For example, proposals are offered such as acrylic 
resin antireflection films having a hydroxyl group and a light-absorbing group in the same 
molecule fabricated by cross-linking described in U.S. Patent No. 5,919,599, and Novolak resin 
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antireflection films having a hydroxyl group and a light-absorbing group in the same molecule 
likewise formed by cross-linking described in U.S. Patent No. 5,693,691. 

Physical properties demanded or desired of organic antireflection film materials include 
having great absorption of light or radiation, not causing intermixing with the resist layer (not 
being soluble in the resist solvent), not causing dispersion of low molecular weight substances 
from the antireflection film into the overlayer resist during coating or baking and drying, and 
having a higher dry etching speed than the resist. These properties are described, for example, in 
Proc. SPIE y Vol. 3678, pp. 174-185 (1999), and Proc. SPIE, Vol. 2195, pp. 225-229 (1994). 

In addition, Japan Unexamined Patent No. 1 1-279523 describes the technique of using 
tris(hydroxyalkyl)isocyanurate substituted by a range of aromatic compounds through cyclic 
compounds as a broadband ultraviolet absorber. 

Disclosure of the Invention 

This invention offers a composition for forming an antireflection film that is very useful 
as an antireflection film that effectively prevents reflection when irradiated light, especially of 
193 nm wavelength, is used for fine working, and can be removed rapidly during a subsequent 
removal process. That is, the purpose of this invention is to offer a composition for forming an 
antireflection film for lithography having a high antireflection effect, not causing intermixing 
with the resist layer, giving an excellent resist pattern, and having greater selectivity in diy 
etching than the resist, and a resist pattern formation method using said composition for forming 
an antireflection film. 

From a first standpoint, this invention is a composition for forming an antireflection film 
for use in a lithographic process for production of semiconductor devices, containing a resin 
containing structural units derived from cyanuric acid, a derivative thereof, or both as a 
component. 

From a second standpoint, this invention is the composition for forming antireflection 
film described in the first standpoint, having a component of cyanuric acid or a derivative thereof 
represented by Formula (1): 
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Formula (1) 

(where R 1 , R 2 , and R 3 are independent of each other, and represent hydrogen atoms, halogen 
atoms, substituted or unsubstituted alkyl groups with 1 to 10 carbon, benzene derivative groups, 
vinyl derivative groups, or epoxy derivative groups). 

From a third standpoint, this invention is the composition for forming antireflection film 
described in the first standpoint, having a component of a resin containing structural units 
derived from the compound of Formula (1) in the main chain, a resin containing said structural 
units in side chains, or a resin containing said structural units in both the main chain and side 
chains. 

From a fourth standpoint, this invention is the composition for forming antireflection film 
described in the second or third standpoint, wherein the compound of Formula (1) is 
tris(hydroxyalkyl)isocyanurate. 

From a fifth standpoint, this invention is the composition for forming antireflection film 
described in any of the first through fourth standpoints, also containing a cross-linking agent 
having at least two cross-link forming functional groups. 

From a sixth standpoint, this invention is a method for forming an antireflection film for 
use in a lithographic process for production of semiconductor devices, comprised of coating, 
then baking, the composition for forming antireflection film described in any of the first through 
fifth standpoints on top of a substrate. 

From a seventh standpoint, this invention is a semiconductor device production method 
comprised of forming an antireflection film by coating and baking the composition for forming 
antireflection film described in any of the first through fifth standpoints on top of a substrate, 
next placing a photoresist on top of said antireflection film, then transferring an image onto the 
substrate by exposing, developing, and etching said substrate to form an integrated circuit 
element. 

Ideal Mode for Reducing the Invention to Practice 

This invention is a composition for forming an antireflection film for use in a lithographic 
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process for production of semiconductor devices, containing a resin containing structural units 
derived from cyanuric acid, a derivative thereof, or both as a component. 

The molecular weight of the cyanuric acid or a derivative thereof used in this invention is 
129 to 1000, and preferably 129 to 600. Although this varies depending on factors such as the 
coating solution, coating viscosity, and film shape used, the resin containing structural units 
derived from cyanuric acid or a derivative thereof is a resin having a weight average molecular 
weight of 200 to 1,000,000, and preferably 1000 to 1,000,000. 

The composition for forming an antireflection film of this invention has 0.1 to 50 wt% 
solid parts. The content of the resin containing structural units derived from cyanuric acid, a 
derivative thereof, or both is 0.1 to 50 parts by weight, and preferably 1 to 30 parts by weight, 
per 100 parts by weight total composition. 

The component of cyanuric acid or a derivative thereof realizes an antireflection function 
by absorbing ultraviolet light, especially 193 nm ultraviolet radiation. 

A compound represented by Formula (1) can be used for the cyanuric acid or a derivative 
thereof. A component comprised of cyanuric acid or a derivative thereof represented by Formula 
(1) can be used as a composition for forming an antireflection film by mixing this with a resin 
and dissolving the mixture in a solvent. Furthermore, structural units derived from the compound 
of Formula (1) can be used as a composition for forming an antireflection film by dissolving a 
resin containing structural units derived from the compound of Formula (1) in the main chain, a 
resin containing said structural units in side chains, or a resin containing said structural units in 
both the main chain and side chains in a solvent. 

R 1 , R 2 , and R 3 in the compound of Formula (1) are independent of each other, and are 
hydrogen atoms, halogen atoms, substituted or unsubstituted alkyl groups with 1 to 10 carbon, 
benzene derivative groups, vinyl derivative groups, or epoxy derivative groups. Examples of 
halogen atoms are fluorine, chlorine, bromine, and iodine. Examples of alkyl groups are methyl, 
ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-octyl, and n-dodecyl. 
Examples of benzene derivative groups are phenyl, benzyl, tolyl, methoxyphenyl, xylyl, 
biphenyl, naphthyl, and anthryl. Examples of vinyl derivative groups are ethenyl, propenyl, 
butenyl, butadienyl, hexenyl, and octadienyl. Examples of epoxy derivative groups are glycidyl 
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and -methyl-glycidyL 

These alkyl groups, benzene derivative groups, and vinyl derivative groups may be 
substituted as well as unsubstituted. Examples of substituted groups in these are halogen atoms 
such as chlorine, bromine, or fluorine, hydroxyl group, alkoxy groups, and acyl groups. An 
example of an especially preferred substituted group is a hydroxyl group. 

Examples of compounds of Formula (1) are tris(hydroxyalkyl)isocyanurate represented 
by Formula (2): 



Formula (2) 



or Formula (3): 



Formula (3) 



and compounds represented by Formula (4): 
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Formula (4) 



R 4 and R 5 in Formula (2) represent hydrogen groups, alkyl groups with 1 to 12 carbon, or 
aromatic groups with 6 to 14 carbon, such as phenyl or benzyl. Examples of the preferred 
tris(hydroxyalkyl)isocyanurate include tris(2-hydroxyethyl)isocyanurate, tris(2- 
hydroxypropyl)isocyanurate, tris(2-hydroxybutyl)isocyanurate, and tris( -methyl- - 
hydroxypropyl)isocyanurate. 

R 6 in Formula (3) and Formula (4) represents a group such as phenyl, benzyl, tolyl, 
methoxyphenyl, xylyl, diphenyl, napththyl, or anthryl. The value of x in Formula (4) is from 1 to 
1000. Y and Z in Formula (4) represent 

and 

respectively. The compound of Formula (4) can be produced by polymerizing base materials 
such as tris(2,3-epoxypropyl)-isocyanurate and phenol. 

It is especially preferred to use a tris(hydroxyalkyl)isocyanurate represented by Formula 
(2) for the compound of Formula (1). 

Compounds of Formula (1) can be used in the form of a mixture with a resin, or in the 
form of a resin chemically bonded to said compound. 

As Case 1 of the composition for forming an antireflection film of this invention, using a 
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mixture of a resin and a compound of Formula (1) produces a bond between the compound of 
Formula (1) and the resin, either directly or through a cross-linking agent, during formation of 
the antireflection film by coating the mixture onto a substrate, then drying and baking. 

The composition for forming an antireflection film of this invention can also contain a 
resin contained by chemically bonding to a compound of Formula (1). In this case, the above- 
mentioned resin may be a resin containing structural units derived from the compound of 
Formula (1) in the main chain of the resin, or a resin containing said structural units in the side 
chains of the resin. 

As Case 2, containing structural units derived from a compound of Formula (1) in the 
main chain of the above-mentioned resin is obtained by polymerizing by the vinyl groups or 
epoxy groups present in the compound of Formula (1) using the compound of Formula (1) as the 
monomer. As Case 3, a compound of Formula (1) can also form the main chain of a resin by 
copolymerizing a monomer capable of forming a polymer with the compound of Formula (1). 

As Case 4, containing structural units derived from a compound of Formula (1) in side 
chains bonded to the main chain of a resin can be obtained by bonding the compound of Formula 
(1) to a resin by reacting functional groups (such as hydroxy 1 groups) in the compound of 
Formula (1) with functional groups (such as hydroxy 1 groups or carboxyl groups) in the resin. 

Case 1 , Case 2, Case 3, and Case 4 can also be combined. 

The resin in the above-mentioned Case 2 may also be comprised of only the compound of 
Formula (1). The ratio between the compound of Formula (1) and the resin in Case 1, Case 2, 
Case 3, and Case 4 can be adjusted to a ratio by weight of compound of Formula (l)/resin = 1/99 
to 99/1. Increasing the amount of compound of Formula (1) introduced increases the dry etching 
speed when used as an antireflection film. 

The resin used together with the compound of Formula (1) in the above-mentioned Cases 
1 to 4 preferably has hydroxyl groups or carboxyl groups for bonding with the cross-linking 
agent. 

This resin may be a homopolymer or a multiple copolymer. The following are examples 
of types of monomers used in this resin: Examples of styrenes include polyhydroxystyrene, poly- 
- methyl styrene, poly-p-methylstyrene, poly-o-methylstyrene, poly-p-methoxystyrene, poly-p- 
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chlorostyrene, and polyvinyl benzoate. Examples of acrylic acid, methacrylic acid, or derivatives 
of these include carboxylic acids such as polyacrylic acid, polymethacrylic acid, polymaleic acid, 
or polyfumaric acid, acrylic esters and corresponding methacrylic esters such as methyl 
polyacrylate, ethyl polyacrylate, propyl polyacrylate, isopropyl polyacrylate, n-butyl 
polyacrylate, isobutyl polyacrylate, n-hexyl polyacrylate, octyl polyacrylate, 2-ethylhexyl 
polyacrylate, lauryl polyacrylate, 2-hydroxypropyl polyacrylate, or glycidyl polyacrylic ester, 
amides and corresponding methacrylic amides such as polyacrylamide, poly-N-methylol 
acrylamide, or polydiacetone acrylamide, and polyacrylnotitrile, vinyl polychloride, and 
polyethyl vinyl ether. Especially preferred are 2-hydroxypropyl polyacrylate and its 
corresponding methacrylic ester having hydroxyl groups, and polyacrylic acid and 
polymethacrylic acid having carboxylic acids. 

The resin in this invention may be any of a random copolymer, a block copolymer, or a 
graft copolymer. The resin for forming the antireflection film of this invention can be 
synthesized by methods such as radical polymerization, anionic polymerization, or cationic 
polymerization. Various modes can be used for this method, including solution polymerization, 
suspension polymerization, emulsification polymerization, and block polymerization. 

Non-cross-linking monomers other than the resin described above can also be 
copolymerized in this invention. This can enable fine adjustments such as dry etching speed or 
reflectance. Examples are compounds having at least one addition-polymerizable unsaturated 
bond selected from compounds such as acrylic esters, acrylamides, methacrylic esters, 
methacrylamides, allyl compounds, vinyl ethers, vinyl esters, styrenes, or crotonic esters. 

Examples of acrylic esters are alkyl acrylates with 1 to 10 carbon in the alkyl groups. 

Examples of methacrylic esters are alkyl methacrylates with 1 to 10 carbon in the alkyl 

groups. 

Examples of acrylamides include acrylamide, N-alkyl acrylamides, N-aryl acrylamides, 
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N,N-dialkyl acrylamides, N,N-diallyl acrylamides, N-methyl-N-phenyl acrylamide, N- 
hydroxyethyl-N-methyl acrylamide, and N-2-acetamide ethyl-N-acetyl acrylamide. 

Examples of methacrylamides include methacrylamide, N-alkyl methacrylamides, N-allyl 
methacrylamides, N,N-dialkyl methacrylamides, N,N-diallyl methacrylamides, N-hydroxyethyl- 
N-methyl methacrylamide, N-methyl-N-phenyl acrylamide, and N-ethyl-N-phenyl 
methacrylamide. 

Examples of vinyl ethers are alkyl vinyl ethers and vinyl allyl ethers. 

Examples of vinyl esters are vinyl butyrate, vinyl isobutyrate, and vinyl trimethylacetate. 

Examples of styrenes are styrene, alkyl styrenes, alkoxystyrenes, halogen styrenes, 
hydroxystyrenes, and carboxystyrenes. 

Examples of crotonic esters are alkyl crotonates such as butyl crotonate, hexyl crotonate, 
or glycerin monocrotonate. 

Other examples of such monomers include dialkyl itaconates, maleic acid or fumaric acid 
dialkyl esters or monoalkyl esters, crotonic acid, itaconic acid, maleic anhydride, maleimide, 
acrylonitrile, methacrylonitrile, and maleinonitrile. Generally, any compound can be used so 
long as it is an addition-polymerizable unsaturated compound capable of copolymerizing a 
compound represented by the above-mentioned Formula (1) or a resin bonded to this compound. 

The composition for forming an antireflection film of this invention can contain a cross- 
linking agent having at least two cross-link forming functional groups. Examples of such cross- 
linking agents include melamine type, substituted urea type, and epoxy-group containing 
polymer type cross-linking agents. Preferably, this agent is a compound such as 
methoxymethylated glycol lauryl or methoxymethylated melamine, and especially preferably 
tetramethoxymethylglycol lauryl or hexamethoxymethylmelamine. The content of the cross- 
linking agent varies depending on factors such as the coating solution used, the underlayer 
substrate used, the solution viscosity demanded, and the film shape demanded, but may be 0.001 
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to 20 parts by weight, preferably 0.01 to 10 parts by weight, and more preferably 0.1 to 5.0 parts 
by weight per 100 parts by weight total composition. 

As required, the composition for forming an antireflection film of this invention can 
contain additives other than described above, such as light absorbers, rheology regulators, 
adhesion aids, or surface active agents. 

Rheology regulators are mainly added for the purpose of improving the fluidity of the 
composition for forming an antireflection film, especially during the baking step, and increasing 
the amount of the composition for forming an antireflection film packed inside holes. Specific 
examples are phthalic acid derivatives such as dimethyl phthalate, diethyl phthalate, diisobutyl 
phthalate, dihexyl phthalate, or butyl isodecyl phthalate, adipic acid derivatives such as dinormal 
butyl adipate, diisobutyl adipate, diisooctyl adipate, or octyldecyl adipate, maleic acid 
derivatives such as dinormal butyl maleate, diethyl maleate, or dinonyl maleate, oleic acid 
derivatives such as methyl oleate, butyl oleate, or tetrahydrofurfuryl oleate, and stearic acid 
derivatives such as normal butyl stearate or glyceryl stearate. These rheology regulators are 
normally added at a proportion of less than 30 parts by weight per 100 parts by weight total 
composition. 

Adhesion aids are mainly added for the purpose of improving the adhesion of the 
composition for forming an antireflection film to the resist, and especially to prevent the resist 
from peeling off during developing. Specific examples are chlorosilanes such as 
trimethylchlorosilane, dimethylchlorosilane, methyldiphenylchlorosilane, or 
chloromethyldimethylchlorosilane, alkoxysilanes such as trimethylmethoxysilane, 
dimethyldiethoxysilane, methyldimethoxysilane, dimethylvinylethoxysilane, 
diphenyldimethoxysilane, or phenyltriethoxysilane, silazanes such as hexamethyldisilazane, 
N,N -bis(trimethylsilyl)urea, dimethyltrimethylsilylamine, or trimethylsilylimadazole, silanes 
such as vinyltrichlorosilane, -aminopropyltriethoxysilane, or - 

glycidoxypropyltrimethoxysilane, heterocyclic compounds such as benzotriazole, benzimidazole, 
indazole, imidazole, 2-mercaptobenzimidazole, 2-mercaptobenzothiazole, 2- 
mercaptobenzoxazole, urazole, thiouracil, mercaptoimidazole, or mercaptopyrimidine, ureas 
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such as 1,1-dimethylurea or 1 ,3-dimethylurea, and thiourea compounds. These adhesion aids are 
normally added at a proportion of less than 5 parts by weight, and preferably less than 2 parts by 
weight, per 100 parts by weight total composition. 

Surface active agents can be added to the composition for forming an antireflection film 
of this invention to prevent phenomena such as pin-holes or striation, and further improve the 
ability to coat over surface irregularities. Examples of such surface active agents are nonionic 
surface active agents, including polyoxy ethylene alkyl ethers such as polyoxyethylene lauryl 
ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, or polyoxyethylene oleyl ether, 
polyoxyethylene alkyl allyl ethers such as polyoxyethylene octyl phenol ether or 
polyoxyethylene nonyl phenol ether, polyoxyethylene-polyoxypropylene block copolymers, 
sorbitan fatty acid esters such as sorbitan monolaurate, sorbitan monopalmitate, sorbitan 
monostearate, sorbitan monooleate, sorbitan trioleate, or sorbitan tristearate, and 
polyoxyethylene sorbitan fatty acid esters such as polyoxyethylene sorbitan monolaurate, 
polyoxyethylene sorbitan monopalmitate, polyoxyethylene sorbitan monostearate, 
polyoxyethylene sorbitan trioleate, or polyoxyethylene sorbitan tristearate; fluorinated surface 
active agents such as Eftop EF301, EF303, and EF352 (manufactured by Tochem Products, 
Ltd.), Megafak F171 and F173 (manufactured by Dainippon Ink and Chemicals, Inc.), Florad 
FC430 and FC431 (manufactured by Sumitomo 3M Ltd.), or Asahi Gard AG710 and Sauflon S- 
382, SC101, SC102, SC103, SC104, SC105, and SC106 (manufactured by Asahi Chemical 
Industry Co., Ltd.); and Organosiloxane Polymer KP341 (manufactured by Shin-Etsu Chemical 
Co., Ltd.). The content of these surface active agents is normally no more than 0.2 part by 
weight, and preferably no more than 0.1 part by weight, per 100 parts by weight total 
composition of this invention. These surface active agents can be added singly or by combining 
two or more types. 

Solvents used for dissolving the above-mentioned resins in this invention include 
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ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, methyl Cellosolve acetate, 
ethyl Cellosolve acetate, diethylene glycol monomethyl ether, (Methylene glycol monoethyl ether, 
propylene glycol, propylene glycol monomethyl ether, propylene glycol monomethyl ether 
acetate, propylene glycol propyl ether acetate, toluene, xylene, methyl ethyl ketone, 
cyclopentanone, cyclohexanone, ethyl 2-hydroxypropionate, ethyl 2-hydroxy-2- 
methylpropionate, ethyl ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy-3- 
methylbutyrate, methyl 3-methoxypropionate, ethyl 3-methoxypropionate, ethyl 3- 
ethoxypropionate, methyl 3-ethoxypropionate, methyl pyruvate, ethyl pyruvate, ethyl acetate, 
butyl acetate, ethyl lactate, butyl lactate, and cyclohexanone. These organic solvents can be used 
singly or by combining two or more types. 

These can also be used by mixing with high-boiling-point solvents such as propylene 
glycol monobutyl ether or propylene glycol monobutyl ether acetate. 

Of these solvents, propylene glycol monomethyl ether, propylene glycol monomethyl 
ether acetate, ethyl lactate, butyl lactate, and cyclohexanone are preferred for improving leveling. 

The resist coated as the upper layer over an antireflection film for lithography formed 
using the composition for forming an antireflection film of this invention can be either a negative 
resist or a positive resist. Concrete examples include positive resists comprised of a Novolak 
resin and 1,2-naphthoquinonediazide sulfonic ester, chemical amplification resists comprised of 
a photo-acid generator and a binder having a group for raising the alkali solution speed when 
decomposed by acid, chemical amplification resists comprised of an alkali-soluble binder, a 
photo-acid generator, and a low molecular weight compound for raising the alkali solution speed 
when decomposed by acid, and chemical amplification resists comprised of a photo-acid 
generator, a binder having a group for raising the alkali solution speed when decomposed by 
acid, and a low molecular weight compound for raising the alkali solution speed when 
decomposed by acid. 

A water-soluble solution of inorganic alkalis such as sodium hydroxide, potassium 
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hydroxide, sodium carbonate, sodium silicate, sodium metasilicate, or ammonia water, primary 
amines such as ethylamine or n-propylamine, secondary amines such as diethylamine or di-n- 
butylamine, tertiary amines such as triethylamine or methyldiethylamine, alcohol amines such as 
dimethylethanolamine or triethanolamine, quaternary ammonium salts such as 
tetramethylammonium hydroxide, tetraethylammonium hydroxide, or choline, or cyclic amines 
such as pyrrole or piperidine can be used as the developing solution for the above-mentioned 
positive photoresists. Furthermore, an appropriate amount of alcohols such as isopropyl alcohol 
and surface active agents such as nonionic surface active agents can also be added to a water- 
soluble solution of the above-mentioned alkalis. Of these developing solutions, quaternary 
ammonium salts are preferred, and tetramethylammonium hydroxide and choline are more 
preferred. 

Next, to explain the method for forming a resist pattern using the composition for 
forming an antireflection film of this invention, an antireflection film is fabricated by coating the 
composition for forming an antireflection film by a suitable coating method such as a spinner or 
a coater on top of a substrate used for producing finely integrated circuit elements (for example, 
a transparent substrate such as silicon coated with silicon dioxide, a glass substrate, or an ITO 
substrate), then curing by baking. The thickness of the antireflection film obtained is preferably 
0.01 to 3.0 :m. The baking conditions after coating are, for example, baking at 80 to 250°C for 1 
to 120 minutes. Next, a satisfactory resist can be obtained by coating a photoresist and exposing 
through a particular mask, then developing, rinsing, and drying. Post-exposure baking (PEB) can 
also be performed as required. 

Working Examples 

Working examples of this invention are indicated below, but the details of this invention 
are not limited to these. 

Synthesis Example 1 (Resin Synthesis) 

After dissolving 90 g 2-hydroxypropyl methacrylate in 455 g propylene glycol 
monomethyl ether, the reaction solution was heated to 70°C while simultaneously purging the 



13 



WO 02/086624 PCT/JP02/03576 



reaction solution with nitrogen. Next, 0.9 g azobisisobutyronitrile (Junsei Chemical Co., Ltd., 
product) was added as a polymerization initiator. After agitating in a nitrogen atmosphere for 24 
hours, 0.1 g 4-methoxyphenyl (Tokyo Chemical Co., Ltd., product) was added as a 
polymerization terminator. When the resin obtained was subjected to GPC analysis, the weight 
average molecular weight of the resin obtained was 1300 converted to standard polystyrene. 
Solid parts in the solution were 20%. 

Synthesis Example 2 

A cresol Novolak resin (Asahi Chiba Co., Ltd., product, trade name: ECN1299, weight 
average molecular weight: 3900, structure shown by Formula (5)) was prepared. 



Formula (5) 



10 g Novolak resin described above were added and dissolved in 80 g propylene glycol 
monomethyl ether. 9.7 g 9-Anthracene carboxylic acid and 0.26 g benzyltriethylammonium were 
added to this solution, then reacted at 105°C for 24 hours. When the polymer resin obtained was 
subjected to GPC analysis, its weight average molecular weight was 5600 converted to standard 
polystyrene. The structure of the resin obtained is shown by Formula (6): 



Formula (6) 



Synthesis Example 3 
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Tris-(2,3-epoxypropyl)-isocyanurate (Nissan Chemical Industries, Ltd., product, trade 
name: Tepik, structure shown by Formula (7)) was prepared. 



Formula (7) 



3.0 g tris-(2,3-epoxypropyl)-isocyanurate described above were dissolved in 7.0 g xylene. 
2.8 g Phenol and 0.17 g benzyltriethylammonium chloride were added to this solution, then 
reacted at 140°C for 24 hours. After reacting, the system was allowed to cool. The precipitated 
crystal was filtered out, then refined by recrystallizing by a solvent mixture of isopropyl 
alcohol/acetone = 9/1 . The structure of the resin obtained is shown by Formula (8): 



Formula (8) 



Synthesis Example 4 

10.0 g Tris-(2,3-epoxypropyl)-isocyanurate were dissolved in 24.0 g xylene. 3.2 g 
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Phenol and 0.57 g benzyltriethylammonium chloride were added to this solution, then reacted at 
140°C for 24 hours. After reacting, the system was allowed to cool. The precipitated polymer 
was filtered out, then washed with xylene and afterward dried. The structure of the resin obtained 
is shown by Formula (9). The weight average molecular weight of this polymer was 3000. 



Formula (9) 



Synthesis Example 5 

Tris(2-hydroxyethyl)isocyanurate (Nissan Chemical Industries, Ltd., product, trade name: 
Tanac, structure shown by Formula (10)) was prepared. 



Formula (10) 



Working Example 1 

0.4 g Tris(2-hydroxyethyl)isocyanurate, 6 g reaction solution containing 1.2 g poly-2- 
hydroxypropyl methacrylate resin obtained in Synthesis Example 1, 0.4 g 
hexamethoxymethylmelamine as a cross-linking agent, and 0.04 g p-toluenesulfonic acid as a 
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curing agent were mixed. After also adding 30 g propylene glycol monomethyl ether as a 
solvent, this solution mixture was filtered using a 0.10 :m pore diameter microfilter made of 
polyethylene, then filtered using a 0.05 :m pore diameter microfilter made of polyethylene to 
regulate the solution mode of the composition for forming an antireflection film. This solution 
was coated onto a silicon wafer using a spinner. This wafer was baked on top of a hot plate at 
205°C for one minute, and an antireflection film (film thickness: 0.08 :m) was formed. As a 
result of measuring this antireflection film by a spectroscopic ellipsometer, index of refraction n 
at 1 93 nm was 1 .76, and coefficient of optical absorptance k was 0. 1 1 . 

Working Example 2 

0.8 g Tris(2-hydroxyethyl)isocyanurate, 4 g reaction solution containing 0.8 g poly-2- 
hydroxypropyl methacrylate resin obtained in Synthesis Example 1, 0.4 g 
hexamethoxymethylmelamine as a cross-linking agent, and 0.04 g p-toluenesulfonic acid as a 
curing agent were mixed. After also adding 30 g propylene glycol monomethyl ether as a 
solvent, this solution mixture was filtered using a 0.10 :m pore diameter microfilter made of 
polyethylene, then filtered using a 0.05 :m pore diameter microfilter made of polyethylene to 
regulate the solution mode of the composition for forming an antireflection film. This solution 
was coated onto a silicon wafer using a spinner. This wafer was baked on top of a hot plate at 
205°C for one minute, and an antireflection film (film thickness: 0.08 :m) was formed. As a 
result of measuring this antireflection film by a spectroscopic ellipsometer, index of refraction n 
at 193 nm was 1.76, and coefficient of optical absorptance k was 0.17. 

Working Example 3 

1.2 Tris(2-hydroxyethyl)isocyanurate, 2 g reaction solution containing 0.4 g poly-2- 
hydroxypropyl methacrylate resin obtained in Synthesis Example 1, 0.4 g 
hexamethoxymethylmelamine as a cross-linking agent, and 0.04 g p-toluenesulfonic acid as a 
curing agent were mixed. After also adding 30 g propylene glycol monomethyl ether as a 
solvent, this solution mixture was filtered using a 0.10 :m pore diameter microfilter made of 
polyethylene, then filtered using a 0.05 :m pore diameter microfilter made of polyethylene to 
regulate the solution mode of the composition for forming an antireflection film. This solution 
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was coated onto a silicon wafer using a spinner. This wafer was baked on top of a hot plate at 
205°C for one minute, and an antireflection film (film thickness: 0.08 :m) was formed. As a 
result of measuring this antireflection film by a spectroscopic ellipsometer, index of refraction n 
at 193 nm was 1.87, and coefficient of optical absorptance k was 023. 

Working Example 4 

4.0 g Reaction solutiod containing 0.8 g poly-2-hydroxypropyl methacrylate resin 
obtained in Synthesis Example 1, 0.8 g compound obtained in Synthesis Example 3, 0.4 g 
hexamethoxymethylmelamine as a cross-linking agent, and 0.04 g p-toluenesulfonic acid as a 
curing agent were mixed. After also adding 35 g ethyl lactate as a solvent, this solution mixture 
was filtered using a 0.10 :m pore diameter microfilter made of polyethylene, then filtered using a 
0.05 :m pore diameter microfilter made of polyethylene to regulate the solution mode of the 
composition for forming an antireflection film. This solution was coated onto a silicon wafer 
using a spinner. This wafer was baked on top of a hot plate at 205°C for one minute, and an 
antireflection film (film thickness: 0.08 :m) was formed. As a result of measuring this 
antireflection film by a spectroscopic ellipsometer, index of refraction n at 193 nm was 1.80, and 
coefficient of optical absorptance k was 0.38. 

Working Example 5 

1 .6 g Compound obtained in Synthesis Example 4, 0.4 g hexamethoxymethylmelamine as 
a cross-linking agent, and 0.04 g p-toluenesulfonic acid as a curing agent were mixed. After also 
adding 35 g ethyl lactate as a solvent, this solution mixture was filtered using a 0.10 :m pore 
diameter microfilter made of polyethylene, then filtered using a 0.05 :m pore diameter 
microfilter made of polyethylene to regulate the solution mode of the composition for forming an 
antireflection film. This solution was coated onto a silicon wafer using a spinner. This wafer was 
baked on top of a hot plate at 205°C for one minute, and an antireflection film (film thickness: 
0.08 :m) was formed. As a result of measuring this antireflection film by a spectroscopic 
ellipsometer, index of refraction n at 193 nm was 1.96, and coefficient of optical absorptance k 
was 0.65. 
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Comparative Example 1 

10 g Solution having 2 g resin obtained in the above-mentioned Synthesis Example 2, 
0.53 g hexamethoxymethylmelamine as a cross-linking agent, and 0.05 g p-toluenesulfonic acid 
monohydrate as a curing agent were mixed. After also adding 14.3 g ethyl lactate and 1.13 g 
propylene glycol monomethyl ether as solvents, this solution mixture was filtered using a 0.10 
:m pore diameter microfilter made of polyethylene, then filtered using a 0.05 :m pore diameter 
microfilter made of polyethylene to regulate the solution mode of the composition for forming an 
antireflection film. This solution was coated onto a silicon wafer using a spinner. This wafer was 
baked on top of a hot plate at 205°C for one minute, and an antireflection film (film thickness: 
0.23 :m) was formed. As a result of measuring this antireflection film by a spectroscopic 
ellipsometer, index of refraction n at 193 nm was 1.60, and coefficient of optical absorptance k 
was 0.47. 

Test Example 1 

The solutions obtained in Working Examples 1 to 5 and Comparative Example 1 were 
coated onto silicon wafers by a spinner. These wafers were baked on top of a hot plate at 205 °C 
for one minute, and antireflection films (film thickness: 0.23 :m) were formed. These 
antireflection films were immersed in the solvents used for the resists — for example, ethyl lactate 
and propylene glycol monomethyl ether — to confirm that they were insoluble to these solvents. 

The solutions obtained in Working Examples 1 to 5 and Comparative Example 1 were 
coated onto silicon wafers by a spinner. These wafers were baked on top of a hot plate at 205°C 
for one minute, antireflection films (film thickness: 0.23 :m) were formed, and their film 
thickness was measured. Commercial resist solutions (such as PAR710 manufactured by 
Sumitomo Chemical Co., Ltd.) were coated as an upper layer on top of these antireflection films 
for lithography. After baking these on top of a hot plate at 130°C for one minute, the resists were 
exposed, then subjected to post-exposure baking at 130°C for 1.5 minutes. After developing the 
resists, the film thickness of the antireflection films was measured, and it was confirmed that the 
antireflection films for lithography obtained in Working Examples 1 to 5 and Comparative 
Example 1 did not intermix with the resist layers. 

Next, these were dry-etched under the same conditions. Dry etching selectivity was 
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shown by the dry etching speed of antireflection film taking the dry etching speed of the 
photoresist as 1.00. 

Table 1 





Index of Refraction 


Coefficient of Optical 


Dry Etching 




(n) 


Absorptance (k) 


Selectivity 


Working Example 1 


1.76 


0.11 


1.64 


Working Example 2 


1.76 


0.17 


1.83 


Working Example 3 


1.87 


0.23 


2.16 


Working Example 4 


1.80 


0.38 


1.47 


Working Example 5 


1.96 


0.65 


1.48 


Comparative Example 1 


1.60 


0.47 


0.88 



The gas composition used in dry etching was CF4. The antireflection film obtained from 
the composition for forming an antireflection film of Working Example 1 had higher etching 
characteristics than the antireflection film by prior art of Comparative Example 1. In particular, it 
was confirmed in Working Example 3 that increasing the amount of cyanuric acid derivative 
introduced increased the etching speed. 

The dry etching speed of the antireflection film must be higher than the dry etching speed 
of the photoresist on the point that during the step of developing the photoresist formed on top of 
the antireflection film, then exposing the substrate underlayer by dry etching, film loss in the 
photoresist can be minimized and the antireflection film can be effectively removed by dry 
etching of the antireflection film proceeding at a faster pace than dry etching of the photoresist, 
resulting in an accurate transfer of the developed photoresist pattern to the substrate. The index 
of refraction and the coefficient of optical absorptance are useful indicators on this point. Using 
an antireflection film comprised of the composition of this invention is extremely effective for 
obtaining an antireflection film that maintains a high dry etching speed. In particular, of the 
compounds of Formula (1) , tris(hydroxyalkyl)isocyanurates that do not contain intermolecular 
functional groups such as phenyl groups or alicyclic structures are especially effective in terms 
of obtaining a high dry etching speed. 



20 



WO 02/086624 PCT/JP02/03576 

Industrial Field of Use 

This invention offers a composition that can form an antireflection film having a high dry 
etching speed. The antireflection film obtained not only has a high antireflection effect, but also 
can be removed rapidly during the dry etching process. 

This invention can obtain a composition for forming an antireflection film that has a 
higher dry etching speed than the resist layer and high antireflection effect, does not cause 
intermixing with the resist layer, leaves no dispersed matter in the resist during baking and 
drying, and has high resolution and excellent resist film thickness dependency. As a result, an 
excellent resist pattern can be formed on a substrate by using said composition. 
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CLAIMS 

1 . Composition for forming an antireflection film for use in a lithographic process for 
production of semiconductor devices, containing a resin containing structural units derived from 
cyanuric acid, a derivative thereof, or both as a component. 

2. Composition for forming antireflection film described in Claim 1 , having a component of 
cyanuric acid or a derivative thereof represented by Formula (1): 



Formula (1) 



(where R , R , and R are independent of each other, and represent hydrogen atoms, halogen 
atoms, substituted or unsubstituted alkyl groups with 1 to 10 carbon, benzene derivative groups, 
vinyl derivative groups, or epoxy derivative groups). 

3. Composition for forming antireflection film described in Claim 1 , having a component of 
a resin containing structural units derived from the compound of Formula (1) in the main chain, a 
resin containing said structural units in side chains, or a resin containing said structural units in 
both the main chain and side chains. 

4. Composition for forming antireflection film described in Claim 2 or 3, wherein the 
compound of Formula (1) is tris(hydroxyalkyl)isocyanurate. 

5. Composition for forming antireflection film described in any of Claims 1 through 4, also 
containing a cross-linking agent having at least two cross-link forming functional groups. 

6. Method for forming an antireflection film for use in a lithographic process for production 
of semiconductor devices, comprised of coating, then baking, the composition for forming 
antireflection film described in any of Claims 1 through 5 on top of a substrate. 

7. Semiconductor device production method, comprised of forming an antireflection film by 
coating and baking the composition for forming antireflection film described in any of Claims 1 
through 5 on top of a substrate, next placing a photoresist on top of said antireflection film, then 
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transferring an image onto the substrate by exposing, developing, and etching said substrate to 
form an integrated circuit element. 
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